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#0J!A 1 ( nasm xmm- a > nrtft9MBHB AHH ) 

: » g *ft 

( ) Yin-Song, Jan 

ftgm%i± • C ) ^ m^LUM^ff#T 5 # 2 gfr 4 *g 

Hit = tflfil [MJ 

WffA C# 1 A ) 
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ftgpJf^WUmJfett: : ■frfrrfi-ftfrXjBllg 38 a 210^ 6 *g 
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Tu, Chen 



a 95030 mmwM • j^a^m^a 18225 m 



( ^ ) 1 8225 Gregory place Monte Sereno. Calif.. 95030, USA 
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Mao-Sung, Wu 
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m& - who 



# Bfi ^ - 3£ j£ ^ ^- # ^ ^ ^ m ^ ft ft ^ ; £ ^ 

' ik — >k 54, # & ^ * - f - 1 4l t ^ > ^ ^ aL ^ 
JLfete'lkM % • 0 ifii -q - J£ & — /fc ig jE jfe i£ 

is) b# $ — ^ t J#aM£ ffl ft s& * 



ffi * MffllS 
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*#ifcW4LjjR>Hte • i£ An #f i£ — Jt,4L-te,a#*t^* 
5 " 

#A ^ ' £ it* #j & * & & » 3tjfcg-m : & - - 

^^jL^^m- - 3c t-f-a 

* 6$ S 4t *h A A ^ *# -t 6$ Jl >jSL ' JL Bfc J& ffl £ & « #1 W !fr 
JR. ' IS*-?- — ifc 
f& ^-(electrical vehicle » EV)^ ^ 3& (hybrid electrical 
15 vehicle » HEV) • £ jtfc. - 7j 3j 4lA ffl 1L % * It itj 6$ & « ^ 
(High Power) i # IS ' SJb- *r^ — 

20 & tt 4ft ' — ^^K^«feW4L#« 

' E ^ 'tis- (Voltage drop) » 

-4- 



Ml tfi fa a $l € # 4t # j& ifr & -i- • -fs ^ #5 }tq <t # PR. • ^. S 
it — 1r ft. it ° 

^1 l£ £. # gg (ethylene carbonates, EC) ^ g£ ft tip m 
5 (propylene carbonates, PC)^ » #. it & *b to ^ fa U J$L i& 
#J ' :fc»^g£ — 6 g§ (Diethyl Carbonate, DEC) - j£S&¥ 
^ g§ (Ethyl Methyl Carbonate, EMC) - ^ 8£ — *P S§ 
(Dimethyl Carbonate, DMC)f » « 1$ * j$ ift $4 /£ .» If 

^^_L • ^ — « # * M 4l jfc «4& *5 * 

f>#it — ^#6<ji#gl ^ii- > jfc- H Tfr Steffi 

1.5 0A>& i« 44. 6<j if * "*T ;&* t *F * & 

«&W604fc«©** ' it ah &4-M~;k t **L^teiK.#4t# 
-14 ' It Steffi • i^it^^ — 

<&it*r&-i- • 

20 

^ # A- ^ — & € ' * t n je & & m. m & © st 

if ' a As *r i% to n — t >t4i it & # t ^ no 4l m 4*. » ■ 
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4l — & « flfe, ■ * t * — * * * "«T Jft ^ «. ffi «. )* 

* - teM *.g2;4ite#;;£.i&#] ' DEC - EMC " DMC • 
5 • tti* — **t*!L4i • 

' # ^ - — ^ € iE- ' JL^ — 
^ t£ j£ - H ^ 4i KJ • 

i5 #it*r . not] &4-i%~ ;iLt^4i^a^^#^ ' jtTSft^tt 
Li x M y o 2 - itM s.-m$ t -mMjL&jm)gL'kMi • 

20 1.15 ' 0.8^y^2.2^p 1.5^z^5» 

it If ,# ft it a Si0 2 - Sn0 2 - ITO - A1 2 0 3 - MgO - Ti0 2 - 
Fe 2 0 3 - B 2 0 3 - Zr0 2 Sb 2 0 3 ¥&4MUb& • ffl 4Mb 4fc # 
6<j m ' PVD > CVD ^flU • £r$#;feMt^$7>ffc#* 
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ft^mt & ' JL^&f ,#4f ~-m&$kmJ%^-% (one or 
several atomic layers) ^J^Jt ' ^#f2#^'tg£^^#$-r 

• J|^#*M* Aifti 100 nra i*T^-£**i 

5 f ' 30 nm J^T^te ' 5 mmole «T ' * *-*2.-f- *J> » 

600-900°C • 

io Clf^fc^^,] 

^ *l * ^fe « - is. m -f- — € afc *h £ it *t ts, 

fi£ . Jh 1% ^ )k. % & 4$ & & # — SL & - — £ & ' « A — R% 

15 ^f^Tli^I##^ (LiCo0 2 ) > 12 # & # fl- 
(LiCo x Ni,. x 0 2 ) - 4£ 4£ # # (LiNi0 2 ) \ H^#lf (LiMn0 2 , 
LiMn 2 0 4 ) - 41 ^ & (LiCo,. x . y Ni x Mn y 0 2 ) - 42 ^ & H 
(LiFeP0 4 ) - JMbM (V 2 0 5 ) * ^4b4& (Mn0 2 )i£42^#£r 
(LiTi x O y ) o 

20 iZ%m%L& tL&% U&^t.mi$ * 
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& m it m & m & n m & ■ 

LiCoo 2 %.-&&&x_mm2% ; 

% ft LiCo0 2 0.5 mmole Sn0 2 IkZ-mW&X '> 

LiCo0 2 1 mmole Sn0 2 # '> 

5 % ej m & LiCo0 2 5 mmole SnO z & flR #t # : 

$£fl^ LiCo0 2 0.5 mmole Sn0 2 JLM 900°C 

^ @ #. LiCo0 2 1 mmole Sn0 2 M.M. 900°C&,&J£ 

10 $-b| ft LiCo0 2 5 mmole Sn0 2 i£M 900°C &J^S 

|ab#^ isj Sn0 2 ^^t^'t&a^tcn : 

ai 2 o 3 4l— <fc*jfc-i&ait«B ; 

9 + n # Sn0 2 — >k t & t & afc. t S ; 
1.5 # + - ffl \t Sn0 2 -^.r-/^ * Jfe*.* € S • 

J£ : LiCo0 2 /Sn0 2 JL ft *t # ift ^ *1 ^ 

"S" ' ^ ^'J 0.5 mmole - 1 mmole - 5 mmole 4 # 
1 8nm Sn0 2 & 1 mole ^ LiCo0 2 (£- — 
m m ) % 3* 500mL 
20 Sn0 2 -&;MA^^ £j ^ tff 

LiCo0 2 i. ' *»?-BI?bB^* ' Bt «. ^ M « 

600 - 700 » 800 - 900°C ife 4f & Jt S Sn0 2 
£ * *i -f- ^ LiCo0 2 6<j © JSL J& £. & % n Sn0 2 *L iSt 5f 
># ' *»£.5.B|.££-bB|#f?F ' atb & j& * # it ft 
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# # 4i |H# • 

» ^ 93%4i LiCo0 2 /Sn0 2 SL & # #. # *r & fl* 
4£ #J KS-4 4% - ft £ * m. m (Vapor-Grown 
Carbon-Fiber, VGCF) 1% * |i t #] f ^ ^ ^ 6 # 
5 (Polyvinylene Difloride, PVdF) 4%^a >& ' & & JK N- 
f A-2-^^,g]g(N-methyl-2-pryyolidone, NMP) J=b i£ #J 4i ft 

n t ' tiif^^it€StA'--£feit . * m je. & 

& - f )^^(1.1M LiPF 6 , EC/PC 2/3)ffl 3 -f" A 

8° -ftifil^Sfift LiCo0 2 #^ «#&4i&«a 
10 18° • #^&&>H4±£#-»E«&.& • 

%~t&n- • LiCo0 2 /Al 2 0 3 itfe ^-'I4##4l$L^ 

4f 0.15mmole £ 4£ 18nm 4l A1 2 0 3 # 1 mole 4l 
LiCo0 2 86^*^ 500mL &i£i£#J+il^-&^£M£*fc 
15 K > 4£ A1 2 0 3 LiCo0 2 4l 4t © _L - 

# #J « 600 - 700 - 800 - 900°C it 4f & A & ' tit LiCo0 2 
4i^3i/£^£)4fc€4i A1 2 0 3 # • Bt «. ^ 85%4i 

LiCo0 2 /Al 2 0 3 jL;jS >•£ # £|- & J# KS-6 10% > $k & 

#J PVdF 5%i& ^ «. ' ^ « NMP 4i ft *t + ' m. 

20 ^■^^ft^^^.^.^.-jLfe ' & m i iz st fa & - t; 

^(l.lM LiPF 6 , EC/PC 2/3)4i ^« ft ^fy A 14° # £ 
iSt ^4i LiCo0 2 * m$L*-&ffi ft 18° - 

%^j&m : LiCo0 2 /Al 2 0 3 -Sn0 2 iL # 4i Mffi 

25 #r 0.5 mmole £ 40 nm 6<j A1 2 Q 3 - 0.4 mmole £ 
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# 18nm GO Sn0 2 # 1 mole ^ LiCo0 2 >&-&^^ 500mL 
t^**j^ ' # # jfc & & « • ft. 
Al 2 0 3 -Sn0 2 mfrffcX] % SL&ft & LiCo0 2 60 ^. ® 

_L • Bfc&.»5* 800 °C iMf&i&S ' ft. LiCo0 2 ^©£il 
5 Ml n GO Al 2 0 3 -Sn0 2 m • 

Jpi 85%60 LiCo02/Al 2 0 3 -Sn0 2 SL ft >\£. # ft & BA 
4f - #] KS-6 1 0%^ $£ # #J PVdF 5% ft % & • ^ yx NMP 

4, #J + $L ft t ' i£i&£tfr:J&#<fc,£$Lj(kiE#s£. ' 
*J * * * t # *(1.1M LiPF 6> EC/PC 2/3)^^S§£.& 
10 13° ' titteft 18° • 

$B9**fc0-J : LiCo0 2 / MgO-Sn0 2 SL & %r tk # ft *l U ft 
M- 0.05 mmole ± # 20nm 60 MgO - 0.045mmole 4 
18 nm 60 Sn0 2 # 1 mole LiCo0 2 500mL 60 & 

15 i*$£*| + ^#t^3 ' ##§^;&;&3fc^ ' ft. MgO-Sn0 2 « 
*U£Ml ^ ^$L^ LiCoO, 60 4t© -t ' Bt«.tt 800 °C i£*r& 
A 3£ ' ft. LiCoO, © jfe £ & Mr n GO MgO-Sn0 2 & flU • 

' * 85%G0 LiCo02/MgO-Sn0 2 & M $ ffl KS-6 
10% * PVdF 5% ft >&^4£ • fefcyx NMP jfc + 

>&(1.1M LiPF 6 , EC/PC 2/3)^^)^ % J& 10° '#*^;£60 
18° 

# - ^ go ^. ' * # U3 ^ & t >f fife- # ^ * & n 

Sn0 2 - A1 2 0 3 Jfc MgO %&m,%Ltt>to2L$rt%>&Sh3L*\> ' * ^* 
25 it ll Si0 2 - ITO - Ti0 2 - Fe 2 0 3 - B 2 0 3 - Zr0 2 ^ Sb 2 0 3 & 
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: LiCo0 2 /Sn0 2 JL* <1± # # ^ -fft ( W 

% m & ) 

5 * 0.03 mmole Sn(OC 2 H 5 )>£^ 300 & 4l ft 

■* * ' 25 * ll^tA 1 mole LiCo0 2 >& ^ il & Z_ 

fr#.3%% ' #^«**»^ 100 °C • fe^m.^^^ 
*h n Ik LiCo0 2 ^ 4l & ' # « 800 °C it ft & A 
& • it LiCo0 2 Sn0 2 Zfc f £ • 

10 RM£ ' Jpt 85% 6$ LiCo0 2 /Sn0 2 it & ft >\k H *h ^ 3* 

4f #] KS-6 10%^ $k m m PVdF 5%#B >& ^ ' it ^ .« NMP 
J& * m ^ 5& *t t ' Mil'l^^^^lt^'ifet ' 
* mSLi&n - t ^^(l.lM LiPF 6 , EC/PC 2/3)iL^« 
^Jbl0.5° • & ft & If ifr & « 3 18° ° 

S > PVD - CVD"*m*33r3,#. 

— ;£t ^jL^^jL^^^^ W*.ft • 

20 — /iL't^^Jtfe ' j£i£# *l M4i»J^ • 

S'J *C - : LiCo0 2 /Sn0 2 it & # # € 5ft. *t ^ : M 

frMffiifafo 1 5mmole - 1 mmole 0.5mmole Sn0 2 ^ 
LiCo0 2 /Sn0 2 SL& # 41 A — — <fett 1 5fc4i ' # 

25 ^^m^B^M*.^ (MCMB) VF&m%r~ !k %'A^% m ' rfn 
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f, - — % jL * ^ ft M M 4* m - & & f 4i LiCo0 2 

(MCMB) y*tt3kmmt%c ' — 
>&4l16^*|SI^A 1.1M LiPF 6 -EC/PC/DEC(^3/2/5) • 

*,#B3&*54.^±ia^#T « 0.2C #j t i£ *r & 
5 € ' #3" -20 °C i*Mr atf^Sfr ' t^4> 

2.75-4.20 V • ^.^JS&-*# ^^B^rf^ • 

^l^^f ' Sn0 2 6d|8t***» (0.5-1 mmole) # J*& ;*M& ffi 
•f± fife 65 H: -fr ' ^ *f Sn0 2 # (5 mmole ) g'J ^ 

10 





& & a a A. 








mmole 


°c 


■ mAh 


mAh 


% 


5 


900 


140 


98 


70 


1 


900 


134 


109 


81.3 


0.5 


900 


138 


103 


74.6 


0 




142 


85.6 


60.3 



04 M — i LiCo0 2 /Al 2 0 3 it ft ft «J± # # 4i € ft 4± ^ »J i£ 

4$ 0.9mmole A1 2 0 3 4i LiCo0 2 /Al 2 0 3 iL ft >-£ «|± # 
^fl-fL^- — &IS«$fc4LiLft • #«^l^r>g^^^^ — t 
15 &4i ^ ft ' flij 3 - — <fc *t *k.4i JE » ^ ft H'J ^ J5'J # m - & & 

ir 4i Licoo 2 &te<kMiyzftjknwt& ' mtitm*.* m& 

mm%i& 1.1M LiPF 6 -EC/PC/DEC(=3/2/5) • 

&^£>£#-#T>-X 0.2C W*alt,ife#>fc« ' 
^afp-20°Cig.#it«1t«l-'^.JL#«^i^ 2.75 — 4.20 V » 
20 & **Jifr — rt, IB 0f * • * Jfr 4* * IK * ' A1 2 0 3 

65^^ (0.5-1 mmole) t & ft- t *fc 4 & *£ *& 65 H: -Jf- • 
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Al 2 03^ ire S: 




iSr -S- 


& * & * 




mmole 


°c 


mAh 


mAh 


% 


0.9 


600 


135.5 


99.9 


70.3 


0 




142 


85.6 


60.3 



*J i£ : LiCo0 2 / Sn0 2 JL*^*t*t3M-4L«>fciw«afcA 
€ *J 

5 f ibf 0.5 mmole it 18nm 6<j Sn0 2 i ^ f ^ 

1 mole ft LiCo0 2 500mL t6S|)i#] t^f ^1 

3 ' il # «fc & & & # ' ft Sn0 2 ^-^^^-^^^^^ 
LiCo0 2 41*.*-' 600 iCjfefi-jfcAa ' ft LiCo0 2 

^3 ft Sn0 2 & ft ># ' Btft* 93%ft LiCo0 2 / 
10 Sn0 2 jL*s7&'|i*t3H-jfrfl*^.#I KS-4 5% - VGCF 1% > $£ 
& m PVdF 5%>a ^ «. > & ^ « NMP Ji$*R|ftt ' 

fj^*(1.2M LiPF 6 , EC/PC 2/3)* l*J fe A — — « ' 

* *J * *. * ait at « # • * & ' »j 

15 £ £ ffi « 3C ^ t € A 0.2C it^6^ 78%° 

3 *h • 3pL LiCo02 #|J»4f.#J KS-4 6%,A*fc&#| 
PVdF 5%>& £. ' i&tea NMP A * $'J t ^ & t ' M 

>fc * 13 & A - — t Jfe ' « it # * Wk It & ' * # * *» 
20 ^ + -|^r^ ' 3C ^.f^ilftf^ 0.2C ;& t 6<| 
56% • 

S- j* ' %t W SB. +4 # # m *L A — & 
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t'J • £ SL te^T A A € ' « ?f 91 & # £ * 
— J&^-J&aafc * # *£ *<l * # T ' 3*!V"(&*fcA*#I 

% > ^#_L • ttStW il Mg, * Ca * B > Al - Ga, \ln ^ 

Tl - Si - Ge - Sn - Pb - P - As - Sb * Bi^4b^ 5*U£^*MVl x Oy 

>£te##^ & 9 M ffrte ^-t-t S tt & m 

#^r^0.001mmoleJ.5mmole • *h1t&& Si's 
^tbH,gI^0.001mmoleJ.lmmole • 

' ^^^^^#B^^##^l£@T^f^^^^^'fb## 
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LiCo0 2 ^:te4t&il*$m>i o 
# — LiCo0 2 0.5 mmole Sn0 2 4l « $t Jfc # • 
^ =. ffl 4* LiCo0 2 1 mmole Sn0 2 tt.4L*#tfl* # • 

5 %&mfc LiCo0 2 5 mmole Sn0 2 *£il*$U& # ' 

$jL|f LiCo0 2 0.5 mmole Sn0 2 900°C^^ 

^ r> H #. LiCo0 2 1 mmole Sn0 2 Jfcte 900°C &J^S 

10 35 -fc H LiCo0 2 5 mmole Sn0 2 900°C 

$/V®#:f|s] Sn0 2 ^*j#^-/^t Jfc^-j&fflit* ffl • 

A1 2 0 3 ii— *tM»At ffl ° 
% + ffl #. ^ Sn0 2 -2L — =*. € A « /7r L at € H • 
1.5 % + — ffl # & *» SnQ 2 — *«ffcA«j&*.«IB • 
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it = 

- je. ^ +± t ; « ^ 

10 m & W ^ Sn0 2 ^ JMb 447 • 

4.^^ * 1# -#- ^'J HI $ 1 ^tfri&^jkfe ' £■ t 

ik&tMit& Al 2 0 3 4r>i^b&? • 

& f ># # ^ MgO $Mt & • 

m& jf * #4, Sn0 2 - A1 2 0 3 - MgO ^^r$&>fb$7-«*X _L^l 

7.«i*|t t H * l ^Wife^LiLjteTg- 44 * 

^ & W % it it £ Ca - B - Ga - In - Tl - Si - Ge - Pb > P - As - 
20 Sb - Bi #-&&JMt4fe ' i&itfitL — tfl _t |Ub 4fc 4l i& 4* • 

•f- ' 600°C~900°C • 



[7] ( * If iJfsHM^^MBf • BR3W£ffiA§4J(M ) 




t£ 2fc % M Jfc #'J la S ^ 0.001 mmole J_ 5mmole • 

10. te^ 1 *fr4#II6B * 1 it4Ljttt^4i#*|- ' * 
t m Zfe. ># 4l #>J le, 81 « 0.001 mmole 5. 1 mmole -&4&te 

Li x M y O z ■ & 1 M J. — -fliift— IB tt-fc. 6$ - O^x^ 1.15 > 

0.8^y^2.2 pfp 1.5^z^5 • 

12.-# — ' - jE-jfe - - £ > - ffi 

10 t£jL&# tL&4i- SLfaftfeifo % > *5* A - £ JE. 

% >s • 

15 14.-BL& t *fr*#l|&B * 12 ^^fii^aE-fe>^^#^ ' * 

15. ^^ t ^-M'JI&ffl $ 12 ^ #f i£ ^ it & ' * 

16. ^^: lalil 9 12 Jf#r jfe4LjL*^^#*F • * 
20 t ** Z*. t >f #« -4 MgO 4r>i #Ufc4fc • 

t « J4. V « A Sn0 2 > A1 2 0 3 - MgO * 4r>g *Ut 4fc - # « _L 
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* Hi Zfe %M it i! Ca - B - Ga » In > Tl - Si - Ge - Pb - P - 
As- Sb^Bi $ & it 41 4b & ' i&Tfrife-*>X Ji4Ut4fciL>&^#7 • 

19. te# t <t 4- *I 41. SI * 14 ^ J. # 18^*t-^/ffifc 

41 #*|- ' & tttStf 100 nm «Tt 

» 600°C~900°C • 

20. ^^ t # #*I4£H $ 12 J Jm >£-)±##'£- 
t#Zfcjf^4Ltfc^Jj|£K^ 0.001 mmole 5mmole • 

t tfciSt jf >f ^tb#'J4e,SI « 0.001 mmole J. lmmole ° 
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BEST AVAILABLE COPY 





% va m 




~ WAii ARijr COPY 




4.2- 
4.0- 
3.8- 
3.6- 



S>3.4H 
o 

> 3.2 



3.0 
2.8-1 



2.6. 



>— Al 2 0 3 treated 

untreated 
I— Al 3 0 3 treated (-20 D C) 
■— untreated (-20°C) 

LiCoAlO 




T 



T 



T* 



-O.CO05 0.0000 0.00C6 0.0010 0.0015 0.0Q20 0.0025 0.0030 0.0035 

Capacity (Ah) 

% jl m 
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